Ultrastructural features of vimentin-and S-100 proteinpositive cells in guinea pig pars tuberalis were examined by immunoelectron microscopy with the postembedding immunogold method. Interstitial cells that exhibited elongated cytoplasm and partly surrounded the specific secretory cells were fded with intermediate filament bundles on which immunogold particles for vimentin were densely located. Small colloid-containing follicles were occasionally distributed in the cranial region surrounding the median eminene. The follicular cells lining the luminal cavities contained considerable amounts of intermediate filaments immunoreactive for vimentin. Some specific secretory cells displayed various amounts of intermediate filaments immunoreactive for vimentin, which were scattered throughout the cytoplasm or concentrated around the nucleus. The specific secretory cells in which many parallel profiles of rough endoplasmic reticulum (RER) or a large number of mitochondria were dispersed throughout cytoplasm, i.e., being highly meta-
Introduction
Of the three subdivisions of the adenohypophysis, i.e., pars distalis, pars intermedia and pars tuberalis, the pars tuberalis has been the least investigated and its functional significance remains obscure. This neglected lobe, however, has gained new interest since the discovery of high concentrations of melatonin binding sites in the pars tuberalis (de Reviers et al., 1989; Williams and Morgan, 1988) . Melatonin secreted by the pineal gland affects reproduction by altering the activity and release of luteinizing hormone-releasing hormone (LHRH) (Glass and Knotts, 1987; Karsch et al., 1984) . The pars tuberalis has been suggested to play a role in mediating the effects of melatonin on the hypothalamic-pituitary-gonadal axis. Gonadotrophs are distributed in the pars tuberalis of all mammalian species studied (Gross, 1984) . Thyroid-stimulating hormone (TSH) cells are also observed, but their presence in the pars tuber-' Correspondence to: Dept. of Anatomy, Kitasato U. School of Medicine, Sagamihara, Kanagawa 228, Japan. bolically active, were devoid of intermediate filaments. The ventrocaudal region in continuity with the pars distalis was occupied by cells that were packed with vesicular inclusions, considered to be dilated cisternae of RER, and frequently formed colloid-containing follicles. Immunoreactivity for S-100 protein was located exclusively in this novel cell type. Immunogold particles for S-100 protein were distributed in the cytoplasmic matrix and were also associated with the membrane of vesicular inclusions. Gold particles were also detected on the tight junctions, desmosomes, and fibril materials at the apical cell regions of the colloid-containing follicles. The finding of two separate populations of cells containing vimentin and S-100 protein, respectively, supports the idea of functional separation in the pars tuberalis. ( J Histochem Cytochem &:511-518, 19%) KEY WORDS: Pars tuberalis; Vimentin; S-100 protein; Specific secretory cells; Interstitial cells; Follicular cells; Immunoelectron microscopy; Guinea pig. alis is species variable. Recent in situ hybridization studies have reported that luteinizing hormone (LH) B-subunit mRNA and a-subunit mRNA of glycoprotein hormones are distributed throughout the pars tuberalis (Stoeckel et al., 1994; Pelletier et al., 1992) . In addition to hormone-secreting cells that are known in the pars distalis, secretory cells specific to the pars tuberalis have been demonstrated in many animal species (Dellman et al., 1974) . These cells are characterized by a few small secretory granules of ~1 0 0 nm in diameter except in the mouse, in which the secretory granules are numerous and large. Furthermore, the specific secretory cells have peculiar cup-shaped lysosomes and many elongated profiles of rough endoplasmic reticulum (RER) (reviewed by Wittkowski et al., 1992) . It has been reported in the sheep pars tuberalis that either agranular or very sparsely granulated secretory cells represent 90% of the total population and that they are of the melatoninresponsive cell type (Morgan et al., 1991) . Immunoreactivity for a-subunit of glycoprotein hormones and phosphotyrosine has been demonstrated in the specific secretory cells of the pars tuberalis at the electron microscopic level (Stoeckel et al., 19944; Unger et al., 1993) . In addition, some authors have reported that TSH im-munoreactivity is located in specific secretory cells that are ultrastructurally distinct from thyrotrophs in the pars distalis (Sakai et al., 1992; Bergmann et al., 1989) . The TSH-like cells of the pars tuberalis have been reported to change during different photoperiods in the hamster (Wittkowski et al., 1988) .
In the preceding study of the guinea pig pars tuberalis, I found that a large number of vimentin-immunoreactive cells were distributed in the region surrounding the median eminence and in the dorsocaudal region adjacent to the infundibular stalk (Kameda, 1996) . Conversely, S-100-immunoreactive cells were concentrated in the ventrocaudal region of continuity with the pars distalis. In contrast to the pars distalis, in which vimentin and S-100 protein are co-localized in the folliculostellate cells, in the pars tuberalis the shape and distribution pattern of S-100-immunoreactive cells are completely different from those of vimentin-immunoreactive cells. The S-100 cells are always gathered in cell groups and frequently form colloid-containing follicles, whereas vimentin-immunoreactive cells are usually distributed as solitary cells and frequently protrude long cell processes. There appear to be two separate populations of cells containing vimentin and S-100 protein, respectively, in the guinea pig pars tuberalis. To gain an understanding of putative function of the pars tuberalis, the present study examined the ultrastructural features of vimentin-and S-100-immunoreactive cells of the guinea pigs pars tuberalis by the postembedding immunogold method.
Materials and Methods
Eight guinea pigs of either sex, aged 3-12 months, were used. Individual animals were deeply anesthetized with sodium pentobarbital and perfused through the heart with Hartmann's D solution containing 0.025% lidocaine-HCI and heparin (1000 lulliter), followed by 4% paraformaldehyde and 0.2% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4. The pituitary glands were excised and fixed for an additional 1 hr in the same fixative. After postfixation with 1% os04 in the cacodylate buffer containing 1.5% potassium hexacyanoferrate for 30 min, specimens were dehydrated through graded ethanols and embedded in LR White. The resin was polymerized for 12-18 hr at 55°C. Thin sections were cut, mounted on nickel grids, and treated with 1% sodium metaperiodate for 2 min. Before incubation with the primary antisera, the grids were incubated with 1% bovine serum albumin for 1 hr. Then the grids were floated on a drop of the vimentin monoclonal antibody (MAb) or polyclonal anti-S-100 protein antibody, supplemented with 1% normal mouse or rabbit serum, overnight at 4%. The MAb V9 to vimentin was purchased from Dako (Carpinteria, CA) and antis-100 protein antiserum from Milab (Malmo, Sweden). These primary antibodies are prediluted products. After washing in PBS, the grids were incubated with l5-nm gold-labeled goat anti-mouse IgG (Amersham; Poole, UK) or IO-nm gold-labeled goat anti-rabbit IgG antibodies (Amersham) for 1 hr at room temperature. These secondary antibodies were used at a dilution of 1:10. All sections were contrasted with uranyl acetate and lead citrate.
Results
Except for "invasive" gonadotrophs containing many secretory granules, the pars tuberalis cells of guinea pigs were agranular or contained only a few small secretory granules. The cells frequently exhibited intermediate-sized filaments. As described in the preceding study (Kameda, 1996) , vimentin-immunoreactive cells form a dense population in the cranial region surrounding the median eminence and in the dorsocaudal region surrounding the infundibular stalk. Ultrastructural features of the vimentin phenotype were examined by immunogold labeling.
Some cells in both the cranial region and the dorsocaudal region were loaded with bundles of intermediate filament aggregations on which gold particles, representing vimentin immunoreactivity, were specifically and densely located (Figure 1 ). Aggregations of glycogen particles were frequently observed in the peripheral portion of the cytoplasm (Figure 2 ). The cells filled with intermediate filaments were usually elongated and partly surrounded other types of cells ( (Figure 4 ). Some specific secretory cells showed only a small number of intermediate filaments ( Figure 6 ). In cells filled with long cisternae of RER or mitochondria, a few intermediate filaments were detected (Figures 3 and 5) .
Small colloid-containing follicles were sparsely distributed in the cranial region surrounding the median eminence. Considerable numbers of intermediate filaments immunoreactive for vimentin were located in the follicular cells bordering on the luminal cavities ( Figure 6 ).
The ventrocaudal region in continuity with the pars distalis represents specific glandular structures consisting of S-100immunoreactive cells that are gathered in cell groups and frequently form colloid-containing follicles (Kameda, 1996) . In this region, many cells were packed with vesicular inclusions considered to represent dilated cisternae of RER (Figure 7 ).
Immunoreactivity for S-100 protein, represented by gold particles, was diffusely dispersed in the cytoplasmic matrix of the cells loaded with the vesicular inclusions (Figure 7 ). In addition, the gold particles were associated with the membrane of vesicular inclusions. In the cells lining the follicular lumina, many gold particles were detected in the apical cell regions, especially on the junctional complexes, desmosomes, and fibril materials (Figure 8 ). Microvilli-like processes also displayed S-100 immunoreactivity (Figure 8) . Few intermediate filaments immunoreactive for vimentin were observed in the cells packed with vesicular inclusions.
Discussion
This study first demonstrated the ultrastructural features of vimentin-and S-100-immunoreactive cells in guinea pig pars tuberalis. In agreement with the preceding study (Kameda, 1996) , the results confirmed that the vimentin cells and S-100 cells clearly differed from each other. I found in a previous electron microscopic study (Kameda, 1990 ) that the ventrocaudal region of guinea pig 0. desmosomes (D) . and fibril materials (F). Microvilli-like processes (arrows) also exhibit S-100 immunoreactivity.
A gonadotroph is observed in the lower portion of the figure. Original magnification x 29,000. Bar = 0.5 pm. pars tuberalis was occupied by cells that were packed with vesicular inclusions regarded to be RER and frequently formed colloidcontaining follicles. The present immunoelectron microscopic study revealed that S-100 immunoreactivity was localized exclusively in this novel cell type of the ventrocaudal region. Gold particles representing S-100 immunoreactivity were distributed in the cytoplasmic matrix and were also associated with the membrane of the vesicular inclusions.
Biochemical studies have indicated that the primary subcellular localization of S-100 protein is in the cytoplasm, in water-soluble form, and that -10% of the cellular S-100 protein is associated with membrane (Haglid and Stavrou, 1973; Rusca et al., 1972) . It has been shown by immunoelectron microscopic studies using the preembedding PAP method that immunoreactivity for S-100 protein is diffusely distributed in the cytoplasm of various cells, including folliculostellate cells of the pars distalis, Leydig cells of the testis, and dendritic cells of lymphoid organs (Michetti et al., 1985; Cocchia et al., 1983; Nakajima et al., 1980) . In astrocytes and Schwann cells of the nervous system and adipocytes, S-lo0 immunoreactivity has been demonstrated on membrane structures, i.e., plasma membrane, outer mitochondrial membrane, and membranes of endoplasmic reticulum, Golgi complexes and microvesicles, and in the cytoplasmic matrix (Rambotti et al., 1990; Hai-mot0 et al., 1985; Cocchia, 1981) . S-100 protein has been reported to be released into the media from cultures of rat glioma cells, anterior pituitary cells, and adipocytes (Van Eldik and Zimmer, 1987; Haimoto et al., 1985; Ishikawa et al., 1983) . The novel cell type of the pars tuberalis, as well as these S-100-immunoreactive cells, appear to secrete S-100 protein. The released protein might act in a paracrine fashion to stimulate the adjacent neural tissue or gonadotrophs located in the ventrocaudal region.
In the colloid-containing follicles formed by the S-100-immunoreactive cells, dense distribution of the gold particles was detected on the tight junctions, desmosomes, and fibril materials at the apical cell regions. Because S-100 protein has the ability to interact with the cytoskeleton (Rambotti et al., 1990; Donato et al., 1986) , it might support the follicular tight junctions at the apical regions.
Many cells of the guinea pig pars tuberalis contained intermediate filaments that were specifically labeled with the vimentin MAb. Some cells, which were usually elongated and frequently surrounded other cells, were packed with bundles of intermediate filament aggregations. They are regarded to be interstitial cells and may correspond to the folliculostellate cells of the pars distalis. It has been reported that several bioactive substances, i.e.., basic fibroblast growth factor (b-FGF), vascular endothelial growth factor, follistatin, and interleukin-6, are produced by cultured folliculostellate cells of the pars distalis (Vankelecom et al., 1993; Gospodarowicz and Lau, 1987; Ferrara et al., 1987) . These substances have been suggested to play a role in paracrine regulation of pituitary hormone secretion. Ferrara et al. (1987) have described that the bovine pars tuberalis contains three-to fivefold higher concentrations of b-FGF than does the pars distalis. Although immunohistochemical localization of b-FGF is not yet confirmed, some vimentin-immunoreactive cells in the guinea pig pars tuberalis may have properties in common with the folliculostellate cells of the pars distalis and might be related to synthesis of these bioactive substances.
In the pars distalis, the localization of vimentin immunoreactivity is restricted to the folliculostellate cells. Hormone-producing secretory cells express no immunoreactivity for vimentin (Kameda, 1996) . Conversely, in the pars tuberalis many specific secretory cells contained various amounts of intermediate filaments immunoreactive for vimentin. The specific secretory cells of the guinea pig pars tuberalis were agranular or contained only a small number of secretory granules. It has been reported in various animal species that specific secretory cells of the pars tuberalis are characterized by the presence of glycogen particles (Dellmann et al., 1974) . However, interstitial-appearing cells of the guinea pig pars tuberalis, which were loaded with intermediate filament aggregations and displayed elongated cytoplasm, also represented abundant glycogen particles. Therefore, on the basis of ultrastructural features, it is difficult to distinguish clearly between interstitial cells and specific secretory cells in the pars tuberalis.
The pars tuberalis and the pars distalis are derivatives of Rathke's pouch, which originates from the endodermal pharyngeal epithelium. In the morphogenesis of human pituitary glands, Rathke's pouch has been reported to express immunoreactivity for single epithelial-type cytokeratins (Ikeda and Yoshimoto, 1991) . The occasional occurrence of squamous cell groups exhibiting immunoreactivity for keratins has been demonstrated in human pars tuberalis (Kasper et al., 1989) . However, it has not been confirmed whether or not cytokeratins are expressed in normal parenchymal cells of the pars tuberalis. Vimentin is an intermediate filament protein initially described in mesenchymal derivatives. The protein is also co-localized with glial fibrillary acidic protein in glial cells (Stichel et al., 1991; Calvo et al., 1990) . Furthermore, vimentin is transiently expressed in various cell types during embryonic development (see Kameda, 1995 for references) . In both the pars tuberalis and the pars distalis of guinea pigs, vimentin-immunoreactive cells appear during fetal development, gradually increase in number with developmental age, and persist for life (Kameda, 1996) . It is noteworthy that in the pars tuberalis the normal and mature secretory cells, which display characteristics of epithelial cells, contain intermediate filaments immunoreactive for vimentin.
In addition to S-100-i"unoreactive follicles located exclusively in the ventrocaudal region, colloid-containing follicles are observed in other regions of the pars tuberalis (Kameda, 1990) . The follicular epithelia expressed no immunoreactivity for S-100 protein but contained intermediate filament bundles immunoreactive for vimentin. In the pars tuberalis, vimentin filaments appear to constitute a significant component of the cytoskeleton.
